Acoustic biosensors for ultrasound imaging of enzyme activity by Lakshmanan, Anupama et al.
Articles
https://doi.org/10.1038/s41589-020-0591-0
Acoustic biosensors for ultrasound imaging of 
enzyme activity
Anupama Lakshmanan1,5, Zhiyang Jin   2,5, Suchita P. Nety   1, Daniel P. Sawyer3, 
Audrey Lee-Gosselin1, Dina Malounda1, Mararet B. Swift1, David Maresca1,4 and Mikhail G. Shapiro 
 1 ✉
1Division of Chemistry and Chemical Engineering, California Institute of Technology, Pasadena, CA, USA. 2Division of Engineering and Applied Sciences, 
California Institute of Technology, Pasadena, CA, USA. 3Division of Biology and Biological Engineering, California Institute of Technology, Pasadena, CA, 
USA. 4Present address: Department of Imaging Physics, Delft University of Technology, Delft, Netherlands. 5These authors contributed equally: Anupama 
Lakshmanan, Zhiyang Jin. ✉e-mail: mikhail@caltech.edu
SUPPLEMENTARY INFORMATION
In the format provided by the authors and unedited.
NAture CheMiCAL BioLoGy | www.nature.com/naturechemicalbiology
 
 




Acoustic Biosensors for Ultrasound Imaging of Enzyme Activity 
Anupama Lakshmanan, Zhiyang Jin, Suchita P. Nety, Daniel P. Sawyer, Audrey Lee-Gosselin, Dina 
Malounda, Margaret B. Swift, David Maresca and Mikhail G. Shapiro. 
Correspondence to: mikhail@caltech.edu 
 
CONTENTS 
Supplementary Table 1 


















WT C-His Ana 
GvpC in 
pET28a 
Ana gvpC used as wild-
type control for TEV 
and calpain sensor 




WT N-His Ana 
GvpC in 
pET28a 
Ana gvpC used as wild-
type control for ClpXP 
sensor 







Ana gvpC with TEV 
cleavage site pT7, LacO 
C-His Ana GvpC with 
TEV cleavage site 
SLE-His6 at C-
terminus,                                    
GSGSGSG-
ENLYFQG-








Ana gvpC with calpain 
cleavage site pT7, LacO 
C-His Ana GvpC with 
calpain cleavage site 
SLE-His6 at C-
terminus,                                    
GSGSG-
QQEVYGMMPR








Ana gvpC with ssrA 
degradation tag pT7, LacO 
N-His Ana GvpC with 
ssrA degradation tag 
G-His6-SG at N-










clpP plasmid for use in 










clpX plasmid for use in 






Flag tag at N-
terminus 














ID # 106476 
 
 




Supplementary Table 1: List and features of genetic constructs used in this study.  
pKD31 was a gift from Barry L. Wanner (Addgene plasmid # 45604 ; http://n2t.net/addgene:45604 ; 
RRID:Addgene_45604). pKD461 was obtained from the Coli Genetic Stock Center  
(CGSC, https://cgsc.biology.yale.edu/Site.php?ID=64672).  
pE-FLP2 was a gift from Drew Endy & Keith Shearwin 
(Addgene plasmid # 45978;http://n2t.net/addgene:45978 ; RRID:Addgene_45978). 
The pBEST_OR2-OR1-Pr-UTR1_ClpP-T500 was a gift from Zachary Sun and Richard Murray3. 
pACYC-FLAG-dN6-His4 was a gift from Robert Sauer (Addgene plasmid # 22143 ; 
http://n2t.net/addgene:22143 ; RRID:Addgene_22143) 
The pTARA backbone was modified to make the araBAD-BCD20-ClpP-BCD17-ClpX and pTEtR-
BCD2-Ana GvpC constructs. pTARA5 was a gift from Kathleen Matthews (Addgene plasmid # 31491; 
http://n2t.net/addgene:31491 ; RRID:Addgene_31491). 
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